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In vitro evaluation of whitening effects of new functional plant salts
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Abstract: The whitening effects of pine salt, plum salt and bamboo salt were evaluated in vitro, and their
inhibitory effects on the activities of tyrosinase monophenolase and diphenolase were studied in vitro,
respectively. The model of B16 melanoma cells was used to explore the effects of salts on the activity of
intracellular tyrosinase, cell proliferation and migration, and arbutin was used as a positive control. The
results showed that these plant salts were rich in elemental composition and alkaline in aqueous solution.
And pine salt, bamboo salt and plum salt showed extremely significant concentration-dependent inhibition
of tyrosinase activity (p<0.01). When the mass concentration of the three kinds of plant salt solution was
50.0 g/L, their corresponding inhibition rates of tyrosinase monophenolase were 97.1%, 94.8% and 48.2%,
respectively, and those of diphenolase were higher than 92.0%. Compared with the original salt, 5.0 g/L
plant salts had no obvious inhibitory effect on the growth of B16 cells, but they inhibited the lateral
migration. The inhibitory effects of these plant salts on the intracellular tyrosinase activity of B16 cells were
better than that of arbutin, and the intracellular tyrosinase of 5.0 g/L plum salt group was only 8.76%, and
the inhibition effect was better than those of pine salt and bamboo salt. These plant salts can inhibit the
activity of tyrosinase, and have no additional toxicity to B16 cells, showing the potential as an inorganic
tyrosinase inhibitor, and possess very good potential application value in human whitening.
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FRZNT] 5 PB-10 bR BUEREE 11, 15 [ 58 2 R 4L 1A
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Wi |5, WIREh . b mih . rih . M
PBS AWK AC AL 2.0, 10.0, 50.0, 100.0 g/L LA ,
PR VROV AL A2, A3, A4 4L RUR U HERR
HUAS [ e JBE O RE ST . 0.1 mol/L pH 6.8 F¥) PBS ¥
WA 1.0 mmol/L M Z MR 5k L-DOPA, F4riRAIG
HEA 25 °COKIRSRIEE 10 min, SRS AR 870 U/mg
i G FR AV, 10 min J5 I A2 4% SO A VBAE 475 nm
REFWEAE , ODAy KRNI Al PO, DAtk
EaE (B 1 1 B 7 i AR

ik 22 it 47 il 5 T3 D 1) 32 /%= ([ 1~(ODas—
ODa4)/(ODA—ODy,) ] X100

1 MO BB I A RN 2 G (mL)
Table 1 Composition of reaction solution in in Vitro tyrosinase
activity assay (mL)

LA AT Al A2 A3 A4

R AR 0 0 0.3 0.3

PBS ZZ iR 0.4 0.5 0.1 0.2

Y (1% %2 /L-DOPA ) 0.5 0.5 0.5 0.5
i 22 IR T 0.1 0 0.1 0

1.2.4 BI16 203 75 F a4 &

K MTT ¥EI5E Bl6 4o s RU7, LUEEE
R FAPEXT R, A8 S AT A [ A7 R 1 Ay B 4 X B
PEPEXT R K R0 B16 diffidz A 96 fLAR, I BE 5 3¢
FFEEFRHE, ARG & 2.5.5.0, 7.5 F110.0 g/L
B JRER . ANER L ATEh . MR p-RE SR RN [E AT AR
HREFREL, 7537 °C. 5% CO, 5 FHE5% 48 h, 1E
MERT 4 h B, BAfLIA 20 uL MTT (5 g/L) #

W, WA CO, B 3RFHAE 37 °C . 5% CO, FREE i
B 4h, REFEREFRIEM MTT, [ 4FLH A 150 pL
DMSO VA% 5% i i MTT-H 4s &, $%3% 10 min,
DAASINAE St 55 32 B 4 AR %t B, PBS AR s M
FH BRI 2 45 FLAE 570 nm T AIOEME (ODsyo )o
21BN W = AR

éﬂﬂﬂ@iﬁﬁ%ﬂ% = [ OD570 (5 _OD570 (ZE1) ] /
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VAR T E] 2 30 19 25 2 40 M 25 355 3% W, ] PBS 2%
MR TE 2 R, BRFLINAET 850 1%07) Triton X-100
IR S0 L, SRJEHGHUIA—80 °CYKAR PIVAAF 30 min,
BURJE7E 37 °C Rk, fi4f s e, BfLmA
10 uL L-DOPA A (10 g/L), LIRS R F7 14
JfE X i, PBS AENZSH, 37°C RN 2 h, H
T BR 4SO 2 44 FLAE 475 nm ALY OG1E ( ODyrs o 4
it PN P R S e T S,

21 b PN 1 PR W T /% = ([ ODygs o) —

OD475 (%) ] / [ OD475 (Xf ) _OD475 (%) ] XIOO
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BL % M AN AR xR,
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i, F PBS &V EM_EWER, AR BRI %L
70% B 500 pL, FE R, S5 B0 I
R O . TEANMDTIEH A RnaseA ¥ 100
ul, FEAEAIME, 37 °C/Ki 30 min, FRHIA 400 pL PI
PE@WRS), 4 CHREEIFE 30 min, RFEAANRR
A B WS B AU, 0 S & B K 488 nm Ak
EARCI )it
1.3 #HiEaE

K Origin9 A3 SL 56554l , 13345 SR LIS HME
+ fRifE2E (Mean + SD) 7R, ffiH SPSS 21 [ %
F 224381 ANOVA H1AY Duncan #7725
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Table 2 Elemental content of plant salts (mg/kg)

ﬁ l:lI:ll-l %VJ ® %q]rj\ %@fg\ 1[3%{3\ %9&@ lfrljl ® %[@ %{,‘_@
5N 3.99x10° 66.40 1.62x10° 128.00 33.00 32.40 2.32 3.63
N 4.22x10° 69.90 1.14x10° 54.00 9.56 14.80 2.01 0.15
/N 4.23x10° 4.43x10° 1.46x10° 108.00 34.20 22.60 6.84 0.43
(UEN 4.32x10° 7.94x10° 1.11x10° 872.00 184.00 16.00 20.20 0.05
Mgk 4.13x10° 3.16x10* 692.00 168.00 26.60 51.40 18.00 0.21

D% GB 5009.91—2017 & —:ill 5 ; @28 GB 5009.92—2016 45— 3EM5E ; @M GB 5009.241—2017 5 — kg ; @
it GB 5009.90—2016 M ; &2 M1 GB 5009.182—2017 S —iEME ; ©Z M GB 5009.242—2017 5 —EME ; @S GB 5009.12—

2017 S —3EME .

TGN ER K2 R, 2.0~50.0 /L B8 7Y
TP ERK R pH 51 F 3% 3.

* 3 YK B pH
Table 3 pH of different plant salt samples

p GREE) / (g/L)

VBN
2.0 10.0 50.0
JER 5.76+0.06° 5.99+0.01¢ 7.48+0.07¢
VN 6.99+0.02° 9.290.02° 9.79+0.03¢
/NN 9.35+0.01° 10.11£0.01° 10.42+0.02°
(N 10.54+0.04° 11.09+0.01° 11.39+0.01°
Hg £ 10.62+0.05° 11.10£0.01° 11.35+0.03°

T A BN TEAR R R BE R 22 5 235 (p<0.05), n=6.
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W) TR A&, K4 )& T 2R 5 NaCl gl sk ft
HEHFE, NN SBHEYERN pH BETH5E .
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Fig. 1 Inhibition rates of tyrosinase monophenolase by

different plant salt solutions in vitro
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7N % A TR B T W W AR . 5 AE 50.0 g/L B
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SR i A R S PR R 2, HLR MR RN
KFR, FE 2.0~50.0 g/L B}, BlZEERME ARG, XF
ik 2 TR it 1) U0 ) SR B K, 2.0 /L BHI R SR 4 )
26.2%FH1 35.8%; 50.0 g/L HHMHIR 51k F] 97.1%
F194.8%, 100.0 g/L B[R IEAMNAS . A LT
AT EL, MR MR (2.00 10.0 g/L) HFXT
FATRBHM AL, MR E R 50.0 g/L B H0H]
R INF] 48.2%, 100.0 g/L fRIHGER 7 W0 % &
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SN E =T33
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Fig. 2 Inhibition rates of tyrosinase diphenolase by plant
salt solutions in vitro

P 2 TR, 0 i 2 R T L T il 0 ) R A L
i 8 TR 4 0 i 2 Tl — Ty D ) R I e, T
HA — & RN R, AR S5 R3] 38 8 1
30%. FAER AT ER X T R i I I 1 00 5 % B
gy Tl ) R ROCR AL, SR EE (50.0. 100.0 /L)
F4) AR A Y 118 T AT 1) 365 A ) o B ) s R AT
ERTRW2E AR AR AT EE MR B IR 50.0 g/L
s Xk T3 FEA 461 43 301 T 3K 99.9% . 93.0% . 92.0%
MY 5EEBME, . EESBEIETERE,
AR 23 ) 2 R G 1 AR R AS M — S
MUNJAL 2525 B, B35 IOV A pH H 7.0 380
F| 8.5, ERAMEIGEMEN 90%FE(NE] 30% 41T,
b, R A5 S N7 YRR A kg B DA T 1 ) T
i T il P 9
2.3 EYEXT B16 4HEIE5E iE 4 00

AR R AN A, — Bk ui i
DL 22 AT M B 14 5 mT LU D PR 2 A A R VR
B16 PR (0 2 4 M 7E N [R) 1R B2 AR i v 110 386 9 R G 3
4 fitR, M 4 AT, Bl6 47 e RAFREHT
HIEF RN 0%, HAEHFFEIE BN I ARk ;
JEEMRE 2.5 ¢/ VI BRI FPER IR 240 Bl6
ML A, I ELRE S SRyl BE R 38 40 i1 5
A 5.0 /L LA _bHE Wk o) 200 it 448 4 A 490 Sl 4 P 29
P FREHAT; 7.5 g/L LA LAY ER Ik B 25 7™ 5152 1 41 i
AR, R (2.5, 5.0g/L) WWHEAN, #
b AR MR LUK R E AT ER Y B16 4 A Y Al
TR T RE, W SRS, Yt B16
AT B S RS A B B, JF HL 5.0 @/L AR
R ATER . MEER b A M R A R G KT SR, B
LR Y ER 3T SR A 55 1Y B16 40 A — & B 1E
A, TRE MY ES B T R, BEAFE
W OCE, X AT A AR KR S TR SR
HEEH

P R RS BRI R/ %
[\]
(=]

* 4 MY Bl6 UM MERY I (TR, %,
X+SD )
Table 4 Effect of plant salts on the proliferation activity of B16
cells (proliferation rate, %, X +SD)

p GRFE) / (g/lL)

FE P
2.5 5.0 7.5 10.0
JRE  77.91£0.73° 25.57+0.37° 19.58+0.74* 5.26+0.51¢
Wi 80.02+0.98Y 45.71+0.78° 17.48+0.88%  7.77+0.88°
rih 89.72+0.78" 65.45+0.85° 19.98+0.61°  9.68+0.49°
Hidh  83.01£0.73° 36.49+1.01¢ 19.42+0.64* 7.85+0.51°

WhEEATEY 86.89+1.21° 25.89+0.61° 18.53+0.37°  9.71+0.24°
AERAF 724940377 71.44+0.28" 68.85+0.37° 72.01+0.85°

H: ANFFEREFRRAEMFERE T 25 23 (p<0.05), n=6,

2.4 HEYWEIT Bl16 4N S EREF ARG

% A PRI 2 Bl6e 21 A a0 2% 1Y ¢ Bl BE
fifg, HEgE B AR AN EEEMEE, e
e F 26 IR EE AR FRPY, B16 4IMEE 45K
FEVE T B PN T 2 R il 5 P L3R 5.

5 AHYIERXS B16 4 P 1 2 B 1 A S M N P I
HRBEEYE, %, X£SD)
Table 5 Tyrosinase activity of B16 cells under different samples

(Intracellular tyrosinase activity, %, X +SD)
p CiFE) / (gL)

GEETLEN

2.5 5.0 7.5

J R 42.96+0.50¢ 11.49+0.25° 2.10+0.10°
L/aEaN 60.34+0.43° 32.76+0.43° 11.70+0.10°
(UEN 56.90+0.43° 32.47+0.25 11.74+0.17°
Mg 31.03+0.43° 8.76+0.25° 1.18+0.20°
i TR 42.96+0.50° 11.55+0.15° 4.68+0.07°
RERH 57.90+0.50° 46.70+0.50° 38.36+0.43°

T AR T BERRTEAH IR R T 22 53 i35 (p<0.05), n=6.

H 3% 5 AT, FERFSE IR EEVE A, &3 FEXT B16
21 i 1 1 S R T PR S — IR, R
Mg PRSP AR, HE—EMRESN R, 5
JRERAIEL, ANER o ATER s PR A 2 AN e R AR
Fil v R B, VR BRERXT B16 4 i P 1% 2 R it 14
POHIVE ISR FixX 3 FiAEYEL, miMgER AT Rk
T 20 e i SR R Wl R SR/, 5.0 /L AR 4 B 4R
i P 1 28 PR Bl 1 A 8.76%, Ui WA SR FT L) I 2%
FAIC B16 4 P s A PR B TG 1, ELAURAL TR
FEAPEXT B AL RS, T REE N MM el . #5oc
RoEdE, HASSERAC, 2T iR R
TG T o AR X0 P &I 2 T it 1% A 5 il 1) 22 57
Al RESE R o R R TC Tk AR T B16 4R P B 1%
ARG, T X A AN FE VR, R AR
5 85 38 DT 52 M i 0 1 it 110 3 A
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K3 5.0 g/L 4R B16 4 LT RS 520
Fig. 3  Effect of different samples (5.0 g/L) on the migration of B16 cells

3 alH, IEW4 (a) B9 Bl16 4NfEs: 3%
48 h RN XA DA, U T IR
M2k 5.0 g/L i, JEERE (b) YEFIM Bl6 4
TERNER X A TR AN g A, 10 BA JELER X 40 it i
H—ERIHIVER . MR (d), 718k Ce). MR (F)
YER R AN, RILk XA B ANt A, DR X
3 AR T L S E ) Ble 4 p Rk s, H
RORBR T RE . RS (¢) X B16 40 (T A2
H—EMHER, MHECRA Y.
2.6 HEELIT B16 4 it JE HA B4 20

£ it ]300 4 40 A o S 2 R — R Al
e it L5 4 AR B Go/GL
( DNA & 8HT ).S W DNA & #il ) G2 H( DNA
ST 58 BT 225y Z4TF LT ). M (4l 2 24T 4
F)ghoR ) O R A4 b DNA & AR,
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